The effect of the consumption of hypoallergenic wheat flour (HWF) on the expression of a wide spectrum of genes was analyzed by using a DNA microarray. Gene expression profiles in the liver and intestines of rats fed on a diet composed mainly of HWF were compared with those of rats fed on a normal flour-based diet. Among the eight thousand transcripts represented on the GeneChip microarray, no more than 30 genes exhibited up-or down-regulation of two-fold or more after one week or two months of HWF consumption. No adverse effects were apparent. Up-regulation of some of the genes known to respond to the interferon-signal was apparent in the one-week experiment, which may be related to possible oral immunotolerance resulting from HWF feeding. This DNA microarray technology presents an efficient method for evaluating the safety of foods.
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Intensive attempts are being made to develop and utilize new food materials and new food components that effectively help to improve health and prevent diseases. 1) In the course of such research and development, establishing the safety of these foodstuffs is of primary significance. 2) In many cases, the analysis of food safety adopts approaches similar to those used for pharmaceuticals. Considering that the mode of action of food is totally different from that of medicines, novel indices to ascertain safety need to be utilized. Improving the efficiency of such safety analyses is a prerequisite for the facilitating food development. An analytical method for monitoring a wide variety of cellular responses would be particularly effective for this purpose.
DNA microarray technology, the use of which is continuously expanding, enables simultaneous analysis of the expression of thousands of genes. 3, 4) This method, which has already had a strong impact on many aspects of life sciences, is likely to be a valuable tool for food safety analysis. 5) We attempt in the present study to apply a DNA microarray to analyze the safety and functionality of hypoallergenic wheat flour (HWF) developed by the Watanabe group. 6) This HWF is produced by treating flour with cellulase and actinase and is widely used by patients with wheat allergies. 7) It not only has high effectiveness for preventing wheat allergy, but may also induce oral immunotolerance. 8) Moriyama et al. have shown with rats fed on this material that it has reasonable nutritional value and that months of its intake resulted in no symptoms of toxicity in terms of the body weight gain, serum indices, or other parameters. 9) A broader analysis of the safety of this material as well as exploring its new functionality need to be addressed.
We fed rats with an HWF diet for short-and longterm periods and obtained gene expression profiles from their liver and intestines. The expression pattern of the HWF-fed rats was compared with that of control rats to discern whether the intake of HWF caused any adverse effects with respect to the gene expression.
Material and Methods
Animals and feeding experiments. Five-week-old male Wistar rats were purchased from Charles River Japan (Kanagawa, Japan). The rats were kept in a room maintained at 22 AE 1 C with a 12-h light:dark cycle (lights on at 8:00). After they had been given a 12% casein diet 10) between 10:00 and 18:00 for 3 days, the rats were given an experimental diet for a short (7-day) or long (59-day) period. The compositions of the normal wheat flour (NWF) and HWF diets are shown in Table 1 . The NWF and HWF diets were composed of 75% NWF or HWF, 7% casein, and other nutrients. Both NWF and HWF were provided by Omu Milk Product Co., Ltd.
On the 8th day (short-term) or the 60th day (longterm), the rats were given their respective diets for 1.5 hr and then anesthetized with pentobarbital. The liver and small intestine were excised, quickly frozen in liquid nitrogen and stored at À80 C until needed for use. The protocol for the animal experiments was approved by the Animal Use Committee of the Faculty of Agriculture at The University of Tokyo.
DNA microarray analysis. Total RNA extracted from the liver and small intestine (jejunum) of six rats fed on each diet was pooled and subjected to a DNA microarray analysis by the GeneChip system (Rat Genome Ã Genes whose basal expression was detected as ''present.'' U34A array, Affymetrix, Santa Clara, CA, USA) as previously described. 10) The hybridization signals were analyzed by using GENECHIP analysis suite ver. 5.0.
Results
The body weight gain (g/day and total gain rate) and food intake (g/day) were no different between the two dietary groups (data not shown). Tables 2 through 5 list the genes whose expression levels differed between the two groups by twofold or more. The genes marked by an asterisk in the tables are those whose expression levels were identified as ''Present'' in both groups by the GeneChip algorithm (high-expression genes). In other words, the expression levels of those genes without an asterisk were judged ''Absent'' or ''Marginal'' in at least one of the groups (low-expression genes). In respect of the high-expression genes, 14 were up-regulated and two were down-regulated in the liver after one week consumption of the HWF diet (Table 2 ). These numbers were 25 and 5, respectively, when the low-expression genes are included. Even fewer genes were affected in the 2-month feeding experiment; only five were downregulated and none exhibited twofold or more upregulation (Table 4) . Five and twelve genes were upand down-regulated, respectively, when low-expression genes are included. These changes were not directly related to such typical adverse effects as oxidative stress, carcinogenesis or deformity, in that no concordant changes of a group of genes relating to such phenomena were apparent.
In the small intestine, 41 genes were increased and 22 genes were decreased by short-term feeding (Table 3) . These numbers drop to 14 and 14 when low-expression genes are excluded. Only a few genes exhibited marked change in the intestines of the rats fed on the experimental diet over the long term (Table 5) . None of these changes was strongly linked to any apparent adverse effects. In both the liver and the intestines, the genes upregulated by short-term feeding include those related to the immune system (Table 6 ). Among them were 2 0 -5 0 oligoadenylate synthetase, Mx1, Mx3, and BEST 5 which have been reported to be induced by the interferon-(INF-) signal. [11] [12] [13] No induction of these genes was apparent with long-term feeding.
Discussion
The increasing number of patients with food allergies, which can inflict unbearable pain on the sufferer, underscores the importance of developing effective treatments for food allergies. The wheat-associated allergy tends to exhibit very severe symptoms and has even been associated with life-threatening anaphylactic shock. 14) As wheat is a staple food in many countries, Ig non-productively rearranged lambda-chain 2.3 Ã L07399
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Ã Genes whose basal expression was detected as ''present.'' eliminating wheat from a patient's diet is extremely difficult. 15) In this regard, attempts have been made to manufacture and utilize effective alternatives to wheat flour. Enzymatic modification of wheat flour to reduce its allergenicity is one of the practical approaches to this problem. It has been reported that a major allergen in wheat flour is the low molecular-weight glutenin in gluten that has an IgE-binding epitope. [16] [17] [18] Watanabe et al. have developed a method for producing HWF by decomposing gluten enzymatically. 6) They observed that it had low allergenicity and was highly effective for allergic patients. 7) An investigation on its chemical and nutritional properties made by Moriyama et al. with rats has shown that it had a nutritional value comparable to that of a simulated amino acid diet. 9) This study also addressed the safety of consuming HWF and showed that it caused no symptoms of toxicity in terms of growth parameters, organ weight and biochemical indices.
We focused in the present study on the effects of an HWF intake on the gene expression profiles in the liver and intestines. The DNA microarray used in this study contained about 8000 different rat transcripts. Among them, 2000-4000 genes were judged as ''present'' (expression detected) in each tissue. Although an extremely high amount of HWF (comprising 75% of the diet) was consumed by the rats, only a limited number of genes exhibited up-or down-regulation in response to HWF feeding. Compared with the case of the effect of the dietary protein source being evaluated, 10) for instance, the number of altered genes in the HWF group was remarkably low. As far as we know, there were no adverse effects as judged by the functions of the high-response genes (Table 2 to 5). For example, no groups of genes that are known to be directly involved in carcinogenesis or oxidative stress were affected much by HWF feeding. We therefore conclude that the consumption of HWF had an almost negligible impact on the general functions of the body.
The only exception was the mild up-regulation of INF--responsive genes seen from the short-term feeding of HWF. The role of an increased mRNA level is not yet known, but we suspect that this phenomenon may be related to an alteration of the immunoresponses of HWF-fed animals. In fact, Watanabe et al. have shown that the consumption of HWF was likely to cause a state of oral immunotolerance by using an airway inflammatory rat model. 8) In the short-term (7-day) HWF-feeding experiment, the up-regulated genes in the liver and intestines included those related to the immune system, most of which were IFN--responsive genes. IFN-is secreted from Th1 cells and has a function that suppresses the production of IgE. 19) Previous results have demonstrated that the serum IgE level in HWF-fed rats was equivalent to that of an NWF-fed group, although it was significantly lower than that of amino acid mixture diet group. 8) In addition, no increase in the gene expression of IFN-itself was detected in our experiments (data not shown). Although the consequence of the up-regulation of the IFN--responsive genes is still unclear, there is the possibility that a topical response through an IFN--related signaling pathway may be one of the causes for immunotolerance. The results do not necessarily mean that the product of these genes would directly affect the immunoresponse; other genes downstream of the IFN-signal may play more important roles. The status of IFN-signaling, including the phosphorylation of STAT1, 20) being actually up-regulated by HWF feeding needs to be addressed. Also important are an analysis of the Th1/ Th2 balance and identification of the molecules that directly modulate IgE production in this situation.
Compared with the short-term experiment, fewer genes were altered in the long-term feeding experiment, in which no up-regulation of IFN--related genes was apparent. Some sort of adaptive response may have been involved in the temporal alteration of gene expression.
Another interesting change specific to short-term feeding was the tendency for alteration of the genes relating to growth factors and their signaling such as the components of the insulin-like growth factor system and nerve growth factor signaling. Some of the changes facilitate and others inhibit the signaling pathways. Although the overall consequence of these changes is not known, one possibility is the role in the local and minute regulation of cell growth or cell survival which may help in maintaining normal functioning of the organs.
The gene expression profile in the intestines was analyzed in the present study since it is the site for digestion and absorption of ingested food and is also an organ carrying a specific immune system, the gastrointestinal immune system. An analysis of the gene expression profile in other organs, especially the organs for general immunity such as the spleen, would be useful in gaining more insight into the mechanism of possible immunotolerance.
DNA microarray technique has been applied to almost all aspects of life science and shown to be a highly effective tool for the function mining of food. The results of the present study indicate that this technique would also be applicable to the field of food safety analysis. The DNA microarray-based method is expected to promote food safety evaluation technology. The establishment of a standardized method for this purpose is a prerequisite for bringing it into broader practical application. This study may provide the primary information for achieving this goal.
DNA microarray analyses. This study was supported by special coordination funds from the Japan Ministry of Education, Culture, Sports, Science and Technology (to S.A.) and by grant-in-aid for scientific research from the Japan Society for the Promotion of Science (to H.K.).
